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1
LITHOGRAPHIC APPARATUS AND DEVICE
MANUFACTURING METHOD

This application is a continuation application of U.S.
patent application Ser. No. 13/240,803, filed Sep. 22, 2011,
now U.S. Pat. No. 8,860,923, which is a continuation
application of U.S. patent application Ser. No. 12/976,174,
filed Dec. 22, 2010, now U.S. Pat. No. 8,638,418, which is
a continuation application of U.S. patent application Ser. No.
12/216,126, filed Jun. 30, 2008, now U.S. Pat. No. 7,868,
998, which is a divisional application of U.S. patent appli-
cation Ser. No. 10/966,110, filed Oct. 18, 2004, now U.S.
Pat. No. 7,411,653, which claims priority from European
patent application EP 03256820.6, filed Oct. 28, 2003, each
of the foregoing applications incorporated herein in its
entirety by reference.

FIELD

The present invention relates to a lithographic apparatus
and a method for manufacturing a device.

BACKGROUND

A lithographic apparatus is a machine that applies a
desired pattern onto a substrate, usually onto a target portion
of the substrate. A lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs). In
that instance, a patterning device, which is alternatively
referred to as a mask or a reticle, may be used to generate
a circuit pattern to be formed on an individual layer of the
IC. This pattern can be transferred onto a target portion (e.g.
comprising part of, one, or several dies) on a substrate (e.g.
a silicon wafer). Transfer of the pattern is typically via
imaging onto a layer of radiation-sensitive material (resist)
provided on the substrate. In general, a single substrate will
contain a network of adjacent target portions that are suc-
cessively patterned. Known lithographic apparatus include
so-called steppers, in which each target portion is irradiated
by exposing an entire pattern onto the target portion at one
time, and so-called scanners, in which each target portion is
irradiated by scanning the pattern through a radiation beam
in a given direction (the “scanning”-direction) while syn-
chronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from
the patterning device to the substrate by imprinting the
pattern onto the substrate.

It has been proposed to immerse the substrate in the
lithographic projection apparatus in a liquid having a rela-
tively high refractive index, e.g. water, so as to fill a space
between the final element of the projection system and the
substrate. The point of this is to enable imaging of smaller
features since the exposure radiation will have a shorter
wavelength in the liquid. (The effect of the liquid may also
be regarded as increasing the effective NA of the system and
also increasing the depth of focus.) Other immersion liquids
have been proposed, including water with solid particles
(e.g. quartz) suspended therein.

However, submersing the substrate or substrate and sub-
strate table in a bath of liquid (see, for example, U.S. Pat.
No. 4,509,852, hereby incorporated in its entirety by refer-
ence) means that there is a large body of liquid that must be
accelerated during a scanning exposure. This requires addi-
tional or more powerful motors and turbulence in the liquid
may lead to undesirable and unpredictable effects.

One of the solutions proposed is for a liquid supply
system to provide liquid on only a localized area of the
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2

substrate and in between the final element of the projection
system and the substrate (the substrate generally has a larger
surface area than the final element of the projection system).
One way which has been proposed to arrange for this is
disclosed in PCT patent application WO 99/49504, hereby
incorporated in its entirety by reference. As illustrated in
FIGS. 2 and 3, liquid is supplied by at least one inlet IN onto
the substrate, preferably along the direction of movement of
the substrate relative to the final element, and is removed by
at least one outlet OUT after having passed under the
projection system. That is, as the substrate is scanned
beneath the element in a —X direction, liquid is supplied at
the +X side of the element and taken up at the —X side. FIG.
2 shows the arrangement schematically in which liquid is
supplied via inlet IN and is taken up on the other side of the
element by outlet OUT which is connected to a low pressure
source. In the illustration of FIG. 2 the liquid is supplied
along the direction of movement of the substrate relative to
the final element, though this does not need to be the case.
Various orientations and numbers of in- and out-lets posi-
tioned around the final element are possible, one example is
illustrated in FIG. 3 in which four sets of an inlet with an
outlet on either side are provided in a regular pattern around
the final element.

SUMMARY

If liquid remains stationary in the space between the
projection system and the substrate, a temperature fluctua-
tion may cause a wavefront disturbance in the projection
beam and thus may cause an error in the projected image.
Thus, the liquid should be refreshed periodically. However,
removal or supply of liquid may cause a mechanical vibra-
tion that disturbs the exposure, particularly if such removal
or supply is in or near a seal used to contain the liquid
between the substrate and the projection system. Further or
alternatively, the pressure involved in liquid refreshment
may be high and the projection system may be sensitive to
a pressure variation which could cause a deformation in an
optical element of the projection system or cause a distur-
bance in the projection system.

Additionally or alternatively, the motion of the substrate
relative to the projection system may generate a pressure
gradient. In some circumstances, this may lead to the liquid
being swept from underneath the projection system. If the
liquid is non-uniform under the projection system, or if gas
bubbles are present under the projection system, the accu-
racy of the exposure may be compromised.

Accordingly, it would be advantageous, for example, to
provide a system in which a pressure fluctuation and/or
temperature variation in the liquid is reduced without intro-
ducing an unnecessary disturbance due to mechanical vibra-
tion.

According to an aspect of the invention, there is provided
a lithographic projection apparatus, comprising:

a support structure configured to support a patterning
device, the patterning device configured to pattern a beam of
radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate; and

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate with
a liquid to form a liquid reservoir, the liquid supply system
comprising an overflow region from the liquid reservoir.

An overflow region from the liquid reservoir may be
provided and excess liquid removed to another location. The



US 9,482,962 B2

3

overflow region may be used to maintain a liquid depth at a
substantially constant level, thus reducing a pressure varia-
tion on the projection system attributable to a variable depth
of liquid. In an embodiment, the liquid is removed by an
outlet other than that used in or around a gas seal and so
mechanical vibrations may be reduced. Due to the presence
of the overtlow region, liquid may be supplied at a high flow
rate. A high rate of liquid replacement can ensure that the
liquid doesn’t heat up too much and also reduce contami-
nation of the liquid by the resist. According to an embodi-
ment, the overflow region is the outlet liquid supply system.

In an embodiment, the apparatus further comprises an
inlet configured to provide liquid to the space between the
projection system and the substrate, the overflow region
being arranged above the inlet to facilitate the overflow
region effectively removing the liquid. The liquid may be
bounded by a barrier and an entrance to the overflow region
is positioned on the opposite side of the barrier from the
liquid. Thus only when the liquid is outside the boundary of
the barrier is it removed by the overflow region. In an
embodiment, the overflow region is arranged such that the
liquid only flows into the overflow region when the liquid
flows over the top of the barrier. The overtlow region can be
arranged so that it is at the same height as the top of the
barrier or below the height of the barrier. For example, the
barrier may form a ridge, the area of the ridge being larger
than or equal to an area of a final element of the projection
system configured to be in contact with the liquid. For
simplicity the barrier may form part of the liquid supply
system.

In order to maintain a pressure above the liquid at a
certain level, the space above the liquid may be sealed with
a gas tight member. Furthermore, the outlet may maintain
the gas pressure above the liquid at a constant level by, for
example, providing a suction force. Maintaining the gas
pressure above the liquid at a constant level may reduce a
pressure variation on the projection system.

According to another aspect of the invention, there is
provided a lithographic projection apparatus, comprising:

a support structure configured to support a patterning
device, the patterning device configured to pattern a beam of
radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate; and

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate with
a liquid, the liquid supply system comprising an inlet
configured to provide liquid to the space and a liquid
confinement structure extending along at least a part of the
boundary of the space, the inlet being adjacent to an inner
periphery of the liquid confinement structure and directed
towards the target portion of the substrate.

Through the use of an inlet, the liquid directly under the
projection system may be refreshed. The liquid flows from
the inlet to an area directly under the projection system
where it circulates before being removed via an outlet. This
may be further aided by the liquid supply system being
arranged with a passage, formed between an element of the
projection system and a liquid confinement structure, for the
flow of liquid towards an outlet. The flow of liquid towards
the outlet is thus confined. The outlet may be arranged at the
end of the passage. The liquid thus may have a minimal free
surface such that there are few to no surface waves and the
static hydraulic pressure area is reduced. Immersion liquid
may be supplied to the inlet through a chamber. The chamber
may be arranged to create only a small pressure drop
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between the chamber and the inlet. For example, the cham-
ber may have a cross-sectional area greater than the cross-
sectional area of the inlet.

According to another aspect of the invention, there is
provided a lithographic projection apparatus comprising:

a support structure configured to support a patterning
device, the patterning device configured to pattern a beam of
radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate; and

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate with
a liquid, the liquid supply system comprising:

a liquid confinement structure extending along at least a
part of the boundary of the space, the liquid confinement
structure and the projection system configured to form a
capillary passage, and

an outlet configured to remove liquid from the space and
to remove the liquid at the end of at least part of the capillary
passage.

A depth of liquid may be carefully controlled to a level
defined by a capillary passage. The apparatus may further
comprise an inlet configured to provide liquid to the space
and to direct the liquid towards the target portion of the
substrate, the inlet being adjacent to an inner periphery of a
liquid confinement structure member. The liquid directly
under the projection system, i.e. at the target portion of the
substrate, may thus be refreshed continuously. This is the
liquid most susceptible to overheating and contamination. In
an embodiment, the inlet is a continuous groove around the
projection system. In an embodiment, the flow rate of the
outlet is greater than that of the inlet so that excess liquid
does not accumulate and the depth of liquid remains at a
level defined by the capillary passage.

According to a further aspect, there is provided a litho-
graphic projection apparatus, comprising:

a support structure configured to support a patterning
device, the patterning device configured to pattern a beam of
radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate with
a liquid; and

a barrier configured to bound the liquid, the barrier having
a ridge with an area equal to or larger than the area of a
surface of a final element of the projection system config-
ured to be in contact with the liquid.

A ridge may be provided that has an area such that as the
volume of immersion liquid between the projection system
and the substrate increases above the level of the ridge, the
depth of liquid only increases very slowly. Thus, a sudden
variation in the pressure of the liquid between the projection
system and the substrate due to a variation in the depth of the
liquid may be reduced. For simplicity, the barrier may be
part of the liquid supply system.

According to a further aspect, there is provided a litho-
graphic projection apparatus comprising:

a support structure configured to support a patterning
device, the patterning device configured to pattern a beam of
radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate; and
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a liquid supply system configured to at least partly fill a
space between the projection system and the substrate with
a liquid, the liquid supply system comprising an inlet
configured to provide liquid to the space and a valve
configured to connect the inlet to a high vacuum source.

If there is an apparatus failure (e.g. the substrate table is
suddenly removed or failure of a seal), the liquid inlet may
be used to remove the liquid from the apparatus to help
prevent liquid from leaking out over the apparatus and
potentially damaging delicate components. As the inlet may
often be closer to a lower end of the liquid volume, removing
liquid through the inlet may be more effective and/or quicker
than simply using an outlet. The inlet may therefore operate
as an additional outlet to speed up extraction of the liquid in
an emergency situation. A valve may be used to connect the
inlet to a high vacuum source. When an apparatus failure
occurs, the valve may quickly and simply connect the inlet
to the high vacuum source. Optionally, the valve can be
automatically operated upon an apparatus failure. In this
way, liquid may be quickly and efficiently removed in the
event of an apparatus error.

According to another aspect of the invention, there is
provided a device manufacturing method, comprising:

providing a liquid between a projection system of a
lithographic apparatus and a substrate;

providing an overflow region for the liquid; and

projecting a patterned beam of radiation through the
liquid onto a target portion of the substrate,

According to a further aspect of the invention, there is
provided a device manufacturing method, comprising:

providing a liquid between a projection system of a
lithographic apparatus and a substrate such that when an
amount of liquid exceeds a certain level an increase in the
amount of liquid does not cause a significant change in a
depth of the liquid; and

projecting a patterned beam of radiation through the
liquid onto a target portion of the substrate.

According to a further aspect of the invention, there is
provided a device manufacturing method, comprising:

providing a liquid between a projection system of a
lithographic apparatus and a substrate through an inlet, the
liquid being bounded at least in part by a liquid confinement
structure and being directed towards a target portion of the
substrate and the inlet being adjacent an inner periphery of
the liquid confinement structure; and

projecting a patterned beam of radiation through the
liquid onto a target portion of the substrate.

According to another aspect of the invention, there is
provided a device manufacturing method, comprising:

providing a liquid between a projection system of a
lithographic apparatus and a substrate, a depth of the liquid
being controlled by capillary forces, the capillary forces
being between the projection system and a liquid confine-
ment structure at least partly bounding the liquid; and

projecting a patterned beam of radiation through the
liquid onto a target portion of the substrate.

According to another aspect of the invention, there is
provided a device manufacturing method, comprising:

providing a liquid between a projection system of a
lithographic apparatus and a substrate through an inlet, the
inlet being connectable to a high vacuum source; and

projecting a patterned beam of radiation through the
liquid onto a target portion of the substrate.

Although specific reference may be made in this text to
the use of the apparatus according to the invention in the
manufacture of ICs, it should be explicitly understood that
such an apparatus has many other possible applications. For
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example, it may be employed in the manufacture of inte-
grated optical systems, guidance and detection patterns for
magnetic domain memories, liquid-crystal display panels,
thin-film magnetic heads, etc. The skilled artisan will appre-
ciate that, in the context of such alternative applications, any
use of the terms “reticle”, “wafer” or “die” in this text should
be considered as being replaced by the more general terms
“mask”, “substrate” and “target portion”, respectively.

In the present document, the terms “radiation” and
“beam” are used to encompass all types of electromagnetic
radiation, including ultraviolet radiation (e.g. with a wave-
length of 365, 248, 193, 157 or 126 nm).

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
schematic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIGS. 2 and 3 depict a liquid supply system for use in a
lithographic projection apparatus;

FIG. 4 is a detail of an immersion lithographic projection
apparatus according to an embodiment of the invention;

FIG. 5 is a detail of an immersion lithographic projection
apparatus according to another embodiment of the inven-
tion;

FIG. 6 is a detail of an immersion lithographic projection
apparatus according to an further embodiment of the inven-
tion;

FIG. 7 is a detail of an immersion lithographic projection
apparatus according to another embodiment of the inven-
tion;

FIG. 8 is a detail of an immersion lithographic projection
apparatus according to a further embodiment of the inven-
tion;

FIG. 9 is a detail of an immersion lithographic projection
apparatus according to another embodiment of the inven-
tion; and

FIG. 10 depicts another liquid supply system for use in a
lithographic projection apparatus.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The appa-
ratus comprises:

an illumination system (illuminator) IL. configured to
condition a radiation beam B (e.g. UV radiation or
DUV radiation);

a support structure (e.g. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA and
connected to a first positioner PM configured to accu-
rately position the patterning device in accordance with
certain parameters;

a substrate table (e.g. a wafer table) WT constructed to
hold a substrate (e.g. a resist-coated wafer) W and
connected to a second positioner PW configured to
accurately position the substrate in accordance with
certain parameters; and

a projection system (e.g. a refractive projection lens
system) PS configured to project a pattern imparted to
the radiation beam B by patterning device MA onto a
target portion C (e.g. comprising one or more dies) of
the substrate W.
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The illumination system may include various types of
optical components, such as refractive, reflective, magnetic,
electromagnetic, electrostatic or other types of optical com-
ponents, or any combination thereof, for directing, shaping,
or controlling radiation.

The support structure holds the patterning device in a
manner that depends on the orientation of the patterning
device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the pattern-
ing device is held in a vacuum environment. The support
structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The
support structure may be a frame or a table, for example,
which may be fixed or movable as required. The support
structure may ensure that the patterning device is at a desired
position, for example with respect to the projection system.
Any use of the terms “reticle” or “mask” herein may be
considered synonymous with the more general term “pat-
terning device.”

The term “patterning device” used herein should be
broadly interpreted as referring to any device that can be
used to impart a radiation beam with a pattern in its
cross-section such as to create a pattern in a target portion of
the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired
pattern in the target portion of the substrate, for example if
the pattern includes phase-shifting features or so called
assist features. Generally, the pattern imparted to the radia-
tion beam will correspond to a particular functional layer in
a device being created in the target portion, such as an
integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterning devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such
as binary, alternating phase-shift, and attenuated phase-shift,
as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement
of small mirrors, each of which can be individually tilted so
as to reflect an incoming radiation beam in different direc-
tions. The tilted mirrors impart a pattern in a radiation beam
which is reflected by the mirror matrix.

The term “projection system” used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, reflective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of
an immersion liquid or the use of a vacuum. Any use of the
term “projection lens” herein may be considered as synony-
mous with the more general term “projection, system”.

As here depicted, the apparatus is of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the
apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or
employing a reflective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used in parallel, or preparatory steps
may be carried out on one or more tables while one or more
other tables are being used for exposure.

Referring to FIG. 1, the illuminator IL receives a radiation
beam from a radiation source SO. The source and the
lithographic apparatus may be separate entities, for example
when the source is an excimer laser. In such cases, the source
is not considered to form part of the lithographic apparatus
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and the radiation beam is passed from the source SO to the
illuminator IL. with the aid of a beam delivery system BD
comprising, for example, suitable directing mirrors and/or a
beam expander. In other cases the source may be an integral
part of the lithographic apparatus, for example when the
source is a mercury lamp. The source SO and the illuminator
1L, together with the beam delivery system BD if required,
may be referred to as a radiation system.

The illuminator 1. may comprise an adjuster AD for
adjusting the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively)
of the intensity distribution in a pupil plane of the illumi-
nator can be adjusted. In addition, the illuminator 1L, may
comprise various other components, such as an integrator IN
and a condenser CO. The illuminator may be used to
condition the radiation beam, to have a desired uniformity
and intensity distribution in its cross-section.

The radiation beam B is incident on the patterning device
(e.g., mask MA), which is held on the support structure (e.g.,
mask table MT), and is patterned by the patterning device.
Having traversed the mask MA, the radiation beam B passes
through the projection system PS, which focuses the beam
onto a target portion C of the substrate W. With the aid of the
second positioner PW and position sensor IF (e.g. an inter-
ferometric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g. so as to
position different target portions C in the path of the radia-
tion beam B. Similarly, the first positioner PM and another
position sensor (which is not explicitly depicted in FIG. 1)
can be used to accurately position the mask MA with respect
to the path of the radiation beam B, e.g. after mechanical
retrieval from a mask library, or during a scan. In general,
movement of the mask table MT may be realized with the
aid of a long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of
the first positioner PM. Similarly, movement of the substrate
table WT may be realized using a long-stroke module and a
short-stroke module, which form part of the second posi-
tioner PW. In the case of a stepper (as opposed to a scanner)
the mask table MT may be connected to a short-stroke
actuator only, or may be fixed. Mask MA and substrate W
may be aligned using mask alignment marks M1, M2 and
substrate alignment marks P1, P2. Although the substrate
alignment marks as illustrated occupy dedicated target por-
tions, they may be located in spaces between target portions
(these are known as scribe-lane alignment marks). Similarly,
in situations in which more than one die is provided on the
mask MA, the mask alignment marks may be located
between the dies.

The depicted apparatus could be used in at least one of the
following modes:

1. In step mode, the mask table MT and the substrate table
WT are kept essentially stationary, while an entire pattern
imparted to the radiation beam is projected onto a target
portion C at one time (i.e. a single static exposure). The
substrate table WT is then shifted in the X and/or Y direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size
of the target portion C imaged in a single static exposure.

2. In scan mode, the mask table MT and the substrate table
WT are scanned synchronously while a pattern imparted to
the radiation beam is projected onto a target portion C (i.e.
a single dynamic exposure). The velocity and direction of
the substrate table WT relative to the mask table MT may be
determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode,
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the maximum size of the exposure field limits the width (in
the non-scanning direction) of the target portion in a single
dynamic exposure, whereas the length of the scanning
motion determines the height (in the scanning direction) of
the target portion.

3. In another mode, the mask table MT is kept essentially
stationary holding a programmable patterning device, and
the substrate table WT is moved or scanned while a pattern
imparted to the radiation beam is projected onto a target
portion C. In this mode, generally a pulsed radiation source
is employed and the programmable patterning device is
updated as required after each movement of the substrate
table WT or in between successive radiation pulses during a
scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning
device, such as a programmable mirror array of a type as
referred to above.

Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

A further immersion lithography solution with a localized
liquid supply system is shown in FIG. 10. Liquid is supplied
by two groove inlets IN on either side of the projection
system PL and is removed by a plurality of discrete outlets
OUT arranged radially outwardly of the inlets IN. The inlets
IN and OUT can be arranged in a plate with a hole in its
center and through which the projection beam is projected.
Liquid is supplied by one groove inlet IN on one side of the
projection system PL and removed by a plurality of discrete
outlets OUT on the other side of the projection system PL,
causing a flow of a thin film of liquid between the projection
system PL and the substrate W. The choice of which
combination of inlet IN and outlets OUT to use can depend
on the direction of movement of the substrate W (the other
combination of inlet IN and outlets OUT being inactive).

Another immersion lithography solution with a localized
liquid supply system solution which has been proposed is to
provide the liquid supply system with a liquid confinement
structure which extends along at least a part of a boundary
of the space between the final element of the projection
system and the substrate table. Such a solution is generally
illustrated in FIGS. 4 to 9. The liquid confinement structure
is substantially stationary relative to the projection system in
the XY plane though there may be some relative movement
in the Z direction (in the direction of the optical axis). A seal
is formed between the liquid confinement structure and the
surface of the substrate. In an embodiment, the seal is a
contactless seal such as a gas seal. Such a system with a gas
seal is disclosed in U.S. patent application Ser. No. 10/705,
783, hereby incorporated in its entirety by reference.

As shown in FIG. 4, a liquid supply system according to
an embodiment of the invention comprises a liquid reservoir
10 between the projection system and the substrate bounded
by a seal 16 forming, for example, an annulus around the
projection system. In an embodiment, the seal is formed by
gas, e.g. air, synthetic air, N, or an inert gas, provided under
pressure via inlet 15 to the gap between seal member 12 and
the substrate and extracted via first outlet 14. The overpres-
sure on the gas inlet 15, vacuum level on the first outlet 14
and geometry of the gap are arranged so that there is a
high-velocity gas flow inwards that confines the liquid. The
distance between the gas inlet and outlet and the substrate W
is small

The liquid reservoir is supplied with liquid by inlets 21
and 22 and excess liquid is removed via outlet 14. The liquid
reservoir extends above the bottom of the final element of
the projection system PS to the level where the seal member

5

10

15

20

25

30

35

40

45

50

55

60

65

10

12 bounding the liquid reservoir and forming a barrier
suddenly widens as shown in FIG. 4. The top of the seal
member forms a ridge, the area of which is similar to or
larger than the area of the bottom of the final element of the
projection system PL. Therefore, if the quantity of liquid in
the reservoir 10 increases dramatically the depth of the
reservoir 10 will not increase significantly as a large increase
in the volume of liquid over the large area of the top of the
seal member 12 will not generate a large change in the depth
of the liquid in the reservoir 10. The pressure variations due
to a change in the depth of the reservoir will therefore be
minimal.

FIG. 5 shows an alternative arrangement for the structure
depicted in FIG. 4. An overflow structure 25 collects any
excess liquid. The increase in depth of the liquid reservoir 10
due to an increase in the quantity of liquid is likely to be very
small as a large amount of excess liquid can be accommo-
dated in overflow structure 25. There is an annular or other
shaped dike 27 forming a barrier bounding the liquid and as
the amount of liquid increases it flows over dike 27 and into
channel 26 which is an outlet that removes liquid from the
reservoir 10. In this example, the majority of the liquid is
removed via channel 26 rather than outlet 14. The depth of
liquid is thus controlled by the height of the dike 27. As large
amounts of liquid are not being removed via outlet 14, fewer
vibrations may be induced in the seal member 12 and the
seal 16 may function more effectively. The flow rate of
channel 26 should be sufficiently low to ensure that the gas
content in the flow is small. Channel 26 is arranged above
inlets 21 and 22 so that the liquid overflows into channel 26.

An embodiment shown in FIG. 6 is the same as the
embodiments described above except for the aspects
described below. In the embodiment of FIG. 6, there is just
one inlet 22, separate from the seal member 12. Inlet 22 is
formed between the projection system PS and the seal
member 12 and liquid flows out from the inlet 22 at a height
below that of the dike 27, but above that of the bottom of the
final element of the projection system PS. Liquid is supplied
at a constant rate R, but, similarly to the embodiment of FIG.
5, the liquid is predominantly removed via channel 26 rather
than outlet 14. The rate of liquid removal through channel 26
is also a constant rate R. Seal 32 confines the gas around the
reservoir 10 and prevents the moisture laden gas from
pervading the whole apparatus, thus possibly damaging
delicate parts and compromising the accuracy of measure-
ments, e.g. interferometer readings. To keep the gas pressure
above the reservoir 10 substantially constant, and thus the
pressure at the final element of the projection system PS
constant, there is a passage 33 through the seal 32 through
which gas can flow. The passage 33 leads outside the
apparatus to remove moisture laden gas. In an embodiment,
the passage 33 should have a low resistance allowing the gas
to flow freely.

Referring to an embodiment depicted in FIG. 7, liquid is
supplied through a concentric ring (i.e. annular) shaped inlet
23 arranged on the inner circumference of the seal member
12. Inlet 23 has a slit width of approximately 20 um to 300
pum, in an embodiment 150 pm, is arranged at a distance of
approximately 0.5 mm from the substrate W and directs a
channel of liquid towards the area directly under the pro-
jection system PS (i.e. the target portion) such that the liquid
directly under the projection system PS is constantly
refreshed. In this example, the inlet 23 forms the inner edge
of'the seal member 12, but it could also be arranged so it was
just adjacent to the inner circumference of the seal member
12. Inlet 23 may be a plurality of pipes arranged on the inner
circumference of the seal member 12. As shown in FIG. 7,
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a passage is formed between elements of the projection
system PS and the seal member 12. Having circulated under
the final element of the projection system PS, the liquid
flows through this passage and over the dike 27 prior to
being removed via outlet 28. However, unlike the earlier
embodiments, elements of the projection system PS, or
another part of the apparatus, bounds the upper level of the
reservoir 10. Surface waves may therefore be prevented or
reduced and static hydraulic pressures are limited resulting
in a substantially continuous uniform pressure on the pro-
jection system PS.

An embodiment of FIG. 8 is the same as the embodiment
of FIG. 7 except for the aspects described below. Inlet 33 has
an annular shape with a diameter of approximately 50-100
mm and a width of 20 um to 300 pm, in an embodiment 150
um. As shown in FIG. 8, the inlet 33 may end before the
bottom of the seal member 12 or may extend to the bottom
of the seal member 12. Liquid is supplied to inlet 33 through
chamber 34 which has a greater cross-sectional area than
inlet 33 to ensure that the chamber 34 provides a smaller
restriction to flow

In this embodiment, the seal member 12 and the projec-
tion system PS are arranged such that the liquid is held
between the seal member 12 and the projection system PS by
capillary forces at the level of dike 27.

The edges of seal member 12 slope toward the projection
system PS with an angle to the direction of propagation of
the radiation beam B of approximately 45°. Dike 27 inter-
sects this slope and forms a broad ridge substantially per-
pendicular to the direction of propagation of the radiation
beam B. The edges of projection system PS form a compli-
mentary shape to the seal member 12 having a slope to the
direction of propagation of the radiation beam B of approxi-
mately 45° and also having a broad area perpendicular to the
direction of propagation of the radiation beam B radially
outwardly of the slope.

Outlet 38 is arranged beyond dike 27 and has a greater
flow rate than the rate of flow through inlet 33 to make sure
that the amount of liquid in reservoir 10 is controlled. Some
gas is also removed through outlet 38. Distance d; is
governed by the actuation height of the seal member 12 and
in this example is at least 2 mm. Distance d, should however
be as large as possible to ensure that there is sufficient gas
flow for outlet 38. This arrangement of apparatus ensures
that the depth of liquid remains substantially constant at the
level of the projection system PS just above dike 27.

To prevent the final element of the projection system from
damage, the distance between dike 27 and the projection
system PS is 2 mm whereas the distance d, between the final
element of the projection system and the substrate is greater
than 2 mm.

Referring to an embodiment shown in FIG. 9, the flow of
liquid through the inlet 33 is controlled by valve 45. During
ordinary operation of the apparatus, valve 45 allows liquid
to flow freely through inlet 33. However, when an error is
detected in the system or apparatus, for example accidental
removal of the substrate W and substrate table WT or a servo
error, valve 45 automatically connects inlet 33 to a high
vacuum chamber (not shown in the accompanying draw-
ings). The liquid may therefore be quickly removed from the
reservoir. The valve 45 and associated vacuum chamber may
be connected to other inlets e.g. inlets 21 and 23 shown in
one or more embodiments described above.

In an embodiment, there is provided a lithographic pro-
jection apparatus, comprising: a support structure configured
to support a patterning device, the patterning device con-
figured to pattern a beam of radiation according to a desired
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pattern; a substrate table configured to hold a substrate; a
projection system configured to project the patterned beam
onto a target portion of the substrate; and a liquid supply
system configured to at least partly fill a space between the
projection system and the substrate with a liquid to form a
liquid reservoir, the liquid supply system comprising an
overtlow region from the liquid reservoir.

In an embodiment, the apparatus further comprises an
inlet configured to provide liquid to the space, wherein the
overtlow region is arranged above the inlet. In an embodi-
ment, the apparatus comprises a barrier configured to bound
the liquid, an entrance to the overflow region being posi-
tioned on the opposite side of the barrier. In an embodiment,
the overflow region is arranged such that the liquid only
flows into the overflow region when the liquid flows over the
top of the barrier. In an embodiment, the barrier forms part
of the liquid supply system. In an embodiment, the barrier
forms a ridge having an area which is not insignificant
compared to an area of a final element of the projection
system. In an embodiment, the space above the liquid is
sealed with a gas tight member. In an embodiment, the
overtflow region maintains the pressure above the liquid at a
substantially constant level. In an embodiment, the appara-
tus further comprises a liquid confinement structure extend-
ing along at least a part of the boundary of the space between
the projection system and the substrate, the liquid confine-
ment structure and the projection system configured to form
a capillary passage, the overflow region being arranged to
remove liquid at the end of at least part of the capillary
passage. In an embodiment, the apparatus further comprises
a liquid confinement structure extending along at least a part
of the boundary of the space between the projection system
and the substrate and an inlet configured to provide liquid to
the space, the inlet being adjacent to an inner periphery of
the liquid confinement structure and directed towards the
target portion of the substrate. In an embodiment, the liquid
reservoir covers a smaller area than the substrate.

In an embodiment, there is provided a lithographic pro-
jection apparatus, comprising: a support structure configured
to support a patterning device, the patterning device con-
figured to pattern a beam of radiation according to a desired
pattern; a substrate table configured to hold a substrate; a
projection system configured to project the patterned beam
onto a target portion of the substrate; a liquid supply system
configured to at least partly fill a space between the projec-
tion system and the substrate with a liquid; and a barrier
configured to bound the liquid, the barrier having a ridge
with an area equal to or larger than the area of a surface of
a final element of the projection system configured to be in
contact with the liquid.

In an embodiment, the barrier is part of the liquid supply
system. In an embodiment, the apparatus further comprises
a liquid confinement structure extending along at least a part
of the boundary of the space between the projection system
and the substrate, the liquid confinement structure and the
projection system configured to form a capillary passage;
and an outlet configured to remove liquid from the space and
to remove the liquid at the end of at least part of the capillary
passage. In an embodiment, the apparatus further comprises
a liquid confinement structure extending along at least a part
of the boundary of the space between the projection system
and the substrate; and an inlet configured to provide liquid
to the space, the inlet being adjacent to an inner periphery of
the liquid confinement structure and directed towards the
target portion of the substrate. In an embodiment, the space
covers a smaller area than the substrate.
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In an embodiment, there is provided a lithographic pro-
jection apparatus, comprising: a support structure configured
to support a patterning device, the patterning device con-
figured to pattern a beam of radiation according to a desired
pattern; a substrate table configured to hold a substrate; a
projection system configured to project the patterned beam
onto a target portion of the substrate; and a liquid supply
system configured to at least partly fill a space between the
projection system and the substrate with a liquid, the liquid
supply system comprising an inlet configured to provide
liquid to the space and a liquid confinement structure
extending along at least a part of the boundary of the space,
the inlet being adjacent to an inner periphery of the liquid
confinement structure and directed towards the target por-
tion of the substrate.

In an embodiment, the apparatus comprises an outlet; and
a passage formed between an element of the projection
system and the liquid confinement structure configured for a
flow of liquid towards the outlet. In an embodiment, the
outlet is at the end of the passage. In an embodiment, the
apparatus further comprises a chamber, through which the
liquid is supplied to the inlet, the chamber having a cross-
sectional area larger than a cross-sectional area of the inlet.
In an embodiment, the liquid confinement structure and the
projection system are configured to form a capillary passage
and further comprising an outlet configured to remove liquid
from the space and to remove the liquid at the end of at least
part of the capillary passage. In an embodiment, the appa-
ratus further comprises an overflow region. In an embodi-
ment, the space covers a smaller area than the substrate.

In an embodiment, there is provided a lithographic pro-
jection apparatus comprising: a support structure configured
to support a patterning device, the patterning device con-
figured to pattern a beam of radiation according to a desired
pattern; a substrate table configured to hold a substrate; a
projection system configured to project the patterned beam
onto a target portion of the substrate; and a liquid supply
system configured to at least partly fill a space between the
projection system and the substrate with a liquid, the liquid
supply system comprising: a liquid confinement structure
extending along at least a part of the boundary of the space,
the liquid confinement structure and the projection system
configured to form a capillary passage, and an outlet con-
figured to remove liquid from the space and to remove the
liquid at the end of at least part of the capillary passage.

In an embodiment, the apparatus further comprises an
inlet configured to provide liquid to the space and wherein
the flow rate of the outlet is greater than the flow rate of the
inlet. In an embodiment, the apparatus further comprises an
inlet configured to provide liquid to the space, the inlet being
adjacent to an inner periphery of the liquid confinement
structure and directed towards the target portion of the
substrate. In an embodiment, the apparatus further com-
prises an overflow region. In an embodiment, the space
covers a smaller area than the substrate.

In an embodiment, there is provided a lithographic pro-
jection apparatus comprising: a support structure configured
to support a patterning device, the patterning device con-
figured to pattern a beam of radiation according to a desired
pattern; a substrate table configured to hold a substrate; a
projection system configured to project the patterned beam
onto a target portion of the substrate; and a liquid supply
system configured to at least partly fill a space between the
projection system and the substrate with a liquid, the liquid
supply system comprising an inlet configured to provide
liquid to the space and a valve configured to connect the inlet
to a high vacuum source.
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In an embodiment, the inlet is configured to operate as an
outlet when connected to the high vacuum source. In an
embodiment, the valve is configured to be automatically
operated upon an apparatus failure. In an embodiment, the
liquid reservoir covers a smaller area than the substrate.

In European Patent Application No. 03257072.3, the idea
of a twin or dual stage immersion lithography apparatus is
disclosed. Such an apparatus is provided with two tables for
supporting a substrate. Leveling measurements are carried
out with a table at a first position, without immersion liquid,
and exposure is carried out with a table at a second position,
where immersion liquid is present. Alternatively, the appa-
ratus has only one table.

Although specific reference may be made in this text to
the use of lithographic apparatus in the manufacture of ICs,
it should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, flat-panel
displays, liquid-crystal displays (LCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“wafer” or “die” herein may be considered as synonymous
with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, in for example a track (a
tool that typically applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an
inspection tool. Where applicable, the disclosure herein may
be applied to such and other substrate processing tools.
Further, the substrate may be processed more than once, for
example in order to create a multi-layer IC, so that the term
substrate used herein may also refer to a substrate that
already contains multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, it will be appreciated that the invention
may be used in other applications, for example imprint
lithography, and where the context allows, is not limited to
optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate.
The topography of the patterning device may be pressed into
a layer of resist supplied to the substrate whereupon the
resist is cured by applying electromagnetic radiation, heat,
pressure or a combination thereof. The patterning device is
moved out of the resist leaving a pattern in it after the resist
is cured.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having, a wavelength of or about 365,
248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)
radiation (e.g. having a wavelength in the range of 5-20 nm),
as well as particle beams, such as ion beams or electron
beams.

The term “lens”, where the context allows, may refer to
any one or combination of various types of optical compo-
nents, including refractive, reflective, magnetic, electromag-
netic and electrostatic optical components.

While specific embodiments of the invention have been
described above, it will be appreciated that the invention
may be practiced otherwise than as described. For example,
the invention may take the form of a computer program
containing one or more sequences of machine-readable
instructions describing a method as disclosed above, or a
data storage medium (e.g. semiconductor memory, magnetic
or optical disk) having such a computer program stored
therein.
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One or more of the embodiments may be applied to any
immersion lithography apparatus, in particular, but not
exclusively, to those types mentioned above. A liquid supply
system as contemplated herein should be broadly construed.
In certain embodiments, it may be a mechanism or combi-
nation of structures that provides a liquid to a space between
the projection system and the substrate and/or substrate
table. It may comprise a combination of one or more
structures, one or more liquid inlets, one or more gas inlets,
one or more gas outlets, and/or one or more liquid outlets
that provide liquid to the space. In an embodiment, a surface
of the space may be a portion of the substrate and/or
substrate table, or a surface of the space may completely
cover a surface of the substrate and/or substrate table, or the
space may envelop the substrate and/or substrate table. The
liquid supply system may optionally further include one or
more elements to control the position, quantity, quality,
shape, flow rate or any other features of the liquid.

The descriptions above are intended to be illustrative, not
limiting. Thus, it will be apparent to one skilled in the art that
modifications may be made to the invention as described
without departing from the scope of the claims set out below.

The invention claimed is:

1. A lithographic projection apparatus, comprising:

a substrate table configured to hold a substrate;

a projection system configured to project a patterned
beam of radiation onto a target portion of the substrate,
the projection system comprising an optical element;
and

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with a liquid, the liquid supply system comprising a
liquid confinement structure extending along at least a
part of the boundary of the space, the liquid confine-
ment structure comprising an inlet configured to pro-
vide liquid to the space, an opening of the inlet being
adjacent to an inner periphery of the liquid confinement
structure, being below a bottom surface of the optical
element, and being arranged to simultaneously direct
liquid in a generally horizontal direction to the space
from opposite sides of a path of the radiation through
the space, the opening being one continuous aperture
around the path or comprising a plurality of apertures.

2. The apparatus according to claim 1, further comprising
apassage, formed between the optical element and the liquid
confinement structure, configured to receive liquid from the
space.

3. The apparatus according to claim 1, further comprising
a chamber, through which the liquid is supplied to the inlet,
the chamber having a cross-sectional area larger than a
cross-sectional area of the inlet.

4. The apparatus according to claim 1, wherein the inlet
comprises a plurality of pipes arranged at an inner portion of
the liquid confinement structure.

5. The apparatus according to claim 1, wherein at least
part of the inlet extends diagonally, with respect to a
horizontal top surface of the table, from above the bottom
surface of the optical element to below the bottom surface of
the optical element.

6. The apparatus according to claim 1, further comprising
an outlet configured to remove liquid from the space, an
opening of the outlet located outwardly, relative to the path
of the radiation through the space, of the inlet opening.

7. The apparatus according to claim 6, wherein the liquid
confinement structure defines an open aperture surrounding
the path of the radiation through the space and through
which liquid can flow, the aperture being between the table
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and the bottom surface of the optical element and the
aperture having a cross-sectional width smaller than a cross-
sectional width of the substrate and the outlet being outward,
relative to the path of the radiation through the space, of the
open aperture.
8. A lithographic projection apparatus, comprising:
a movable table;
a projection system configured to project a patterned
beam of radiation onto a target portion of a substrate,
the projection system comprising an optical element;
a liquid supply system configured to at least partly fill a
space between the projection system and the table with
a liquid, the liquid supply system comprising a liquid
confinement structure configured to constrain liquid in
the space, the liquid confinement structure comprising:
an open aperture through which the patterned beam is
projected and liquid can flow, the aperture being
between the table and a bottom surface of the optical
element arranged to contact the liquid and the aper-
ture having a cross-sectional width smaller than a
cross-sectional width of the substrate, and

an inlet configured to provide liquid to a part of the
space above the aperture, the inlet arranged to flow
the liquid in a downward direction within the liquid
confinement structure to an opening of the inlet to
the part of the space, the opening being adjacent to
the aperture and at an inner periphery of the liquid
confinement structure and the opening facing gener-
ally horizontally toward the part of the space; and

a passage, above the inlet, between the optical element
and the inner periphery of the liquid confinement
structure to receive liquid from the part of the space.

9. The apparatus according to claim 8, wherein at least
part of the inlet extends diagonally, with respect to a
horizontal top surface of the table, from above the bottom
surface of the optical element to below the bottom surface of
the optical element.

10. The apparatus according to claim 8, further compris-
ing an outlet configured to remove liquid from the space, an
opening of the outlet located outwardly, relative to the path
of the radiation through the space, of the inlet opening and
of the open aperture.

11. The apparatus according to claim 8, wherein the liquid
confinement structure further comprises a chamber, through
which the liquid is supplied to the inlet, the chamber having
a cross-sectional area larger than a cross-sectional area of the
inlet.

12. The apparatus according to claim 8, wherein the liquid
confinement structure has a bottom surface facing the table,
and wherein the bottom surface, the inlet and the passage are
arranged to such that liquid from the inlet opening flows to
contact the bottom surface of the optical element, then flows
to below the bottom surface of the liquid confinement
structure, and flows toward the passage.

13. The apparatus according to claim 8, wherein the inlet
comprises a plurality of pipes arranged at an inner portion of
the liquid confinement structure.

14. The apparatus according to claim 8, wherein the
passage leads to a substantially horizontal surface of the
liquid confinement structure above the bottom surface of the
optical element, the substantially horizontal surface located
above an outlet configured to remove liquid from the space.

15. A lithographic projection apparatus, comprising:

a movable table;

a projection system configured to project a patterned
beam of radiation onto a target portion of a substrate,
the projection system comprising a lowermost gener-
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ally horizontal optical surface and an upper generally
horizontal surface outwardly from the optical axis of
the optical element and above the generally horizontal
optical surface;
a liquid supply system configured to at least partly fill a
space between the projection system and the table with
a liquid, the liquid supply system comprising a liquid
confinement structure configured to constrain liquid in
the space, the liquid confinement structure comprising:
a surface generally parallel to and at least partially
overlapping the upper generally horizontal surface of
the projection system, the surface spaced apart by a
gap from the upper generally horizontal surface of
the projection system,
an inlet configured to provide liquid to the space, an
opening of the inlet to the space located below the
surface, and
an outlet configured to remove liquid from the space, an
opening of the outlet to the space located below the
surface; and
a passage between the optical element and an inner
periphery of the liquid confinement structure to receive
liquid from the space, the passage fluidly connected to
the gap.
16. The apparatus according to claim 15, further com-
prising an outlet configured to remove liquid from the space,
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an opening of the outlet located outwardly, relative to the
path of the radiation through the space, of the inlet opening.

17. The apparatus according to claim 15, wherein at least
part of the inlet extends diagonally, with respect to a
horizontal top surface of the table, from above the lower-
most generally horizontal optical surface of the projection
system to below the lowermost generally horizontal optical
surface of the projection system.

18. The apparatus according to claim 15, wherein the
projection system comprises a generally diagonal surface
between the lowermost generally horizontal optical surface
of the projection system and the upper generally horizontal
surface of the projection system, and the at least part of the
inlet runs along at least part of the diagonal surface of the
projection system.

19. The apparatus according to claim 15, further com-
prising an outlet configured to exhaust liquid, the outlet
located at the liquid confinement structure surface generally
parallel to and at least partially overlapping the upper
generally horizontal surface of the projection system.

20. The apparatus according to claim 15, wherein a space
above the gap is substantially sealed by a member attached
to the projection system, or to the liquid confinement struc-
ture, or to both.



